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ABSTRACT

High population of Sumateran wild boar causes the increasing number of hunting and overflowing
of wild boar meat availability in the market at a very low price. This condition leads to the falsification
of meat. This study was aimed to characterize and differentiate Sumateran wild boar meat (Sus scrofa
vittatus) and beef (Bos taurus) since Sumateran wild boar meat is often falsified as a beef in Indonesian
traditional market. The domesticated pork meat (Sus scrofa domestica) was also investigated to compare
Sumateran wild boar meat and domestic pork. Samples used in this study were DNA (deoxyribonucleic
acid) from pork (Sus scrofa domestica), Sumateran wild boar meat (Sus scrofa vittatus), and beef (Bos taurus).
Beef and pork were obtained from traditional markets in Bogor city whereas Sumateran wild boar meat
was obtained from Way Kanan Regency, Lampung Province. Herein, we performed a thorough inves-
tigation on Sumateran wild boar meat (Sus scrofa vittatus) and beef (Bos taurus) using polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) method. This study utilized cytochrome
b primer from mitochondria DNA with the size target amplification of 359 bp. This study utilized the
restriction endonuclease enzymes, i.e. Alul, Bsa]Jl, HindIIl, Rsal, Haelll, and Tag*l, in order to digest the
amplification products from cytochrome b gene. The results showed that Haelll is the merely specific en-
zyme to discriminate wild boar meat, domestic pork, and beef since HaeIIl was able to digest these three
meats in different locations of cyt b gene. However, Alul, BsaJl, HindIll, Rsal, and Tag°l enzymes were
not specific enough to differentiate wild boar meat and domestic pork. In conclusion, among six tested
enzymes, the use of PCR-RFLP analysis of the cyt b gene followed by digestion using Huaelll restriction
enzyme provides a simple, relatively quick, and accurate identification of Sumateran wild boar species.
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INTRODUCTION

Sumateran wild boars have been superabundant in
Sumateran forest (Ickes 2001). In Indonesia, this wildlife
condition has led to the exploitation of this wild boar for
commercial purpose (Luskin et al., 2013). The high num-
ber of Sumateran wild boars population increases wild
boar hunting resulting in an abundant availability of
wild boar meat in the food market with extremely cheap
price. The macroscopic similarity of wild boar meat and
beef has prompted the local people to abuse this situa-
tion by selling wild boar meat in traditional market as
beef. This condition is supported by the large demand
and high price of beef. Trading is not only happened in
Sumatra but also in Java Province. The situation does

not only occur in Sumatra but also expanded to Java
increasingly year by year. Based on annual record from
Cilegon Class II Quarantine Office in 2014, there were
nine smuggling cases or a total of 21.556 kg of wild boar
meat smuggling effort that were prevented by Cilegon
Quarantine officers (Bkpcilegon, 2015). The number of
food safety concerns related to smuggling of wild boar
or counterfeiting beef with wild boar is a very detrimen-
tal condition for consumers, especially consumers in
traditional markets since both types of these meats are
difficult to distinguish macroscopically. Furthermore,
counterfeiting beef to wild boar meat is a big problem in
Indonesia because wild boar meat is a non halal food for
Indonesian people who mostly are moslem.
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The checking of genuineness or validity of food
products is an important effort to protect people from
consuming unhealthy food and to indicate whether the
food is halal or not. Studies of meat detection should
be continuously developed as an effort to protect con-
sumers. Based on the equipment, methodology, and
the techniques used, as well as the cost and procedure
of sample preparation, different methods have been
proposed for identification of meat species, all based
on either protein or DNA analysis (Alikord ef al., 2017).
Genetic method is the most specific and sensitive
method to check food ingredients authenticity by detect-
ing the presence of genetic material or deoxyribonucleic
acid (DNA). It results from the specific character of the
structure of DNA particles and the possibility of using
the information included in them (Karabanasavar et al.,
2011; Spychaj et al., 2016). The most frequent loci used
for species identification in phylogenetic and biodi-
versity studies are mitochondrial cytochrome b (cyt b)
(Oceja et al., 2017).

There are some various methods used for identi-
fication of species origin of raw meat include sensory
analysis, histological differentiation of the hair that may
possibly exist in the meat, electrophoresis and immune
sera diffusion in agar gel, properties of tissue fat, level of
glycogen in muscle tissue, anatomical differences, elec-
trophoresis, and DNA hybridization. It has been argued,
however, that these methods have some problems that
limit their uses such as specificity, difficulty, complex-
ity, and high cost. They may also be time consuming,
inadequate to discriminate between species which are in
close relation or not suitable for routine use (Haider et
al., 2012).

Murugaiah et al. (2009) in their study said that in
recent years, many investigators applied various typ-
ing methods to identify species in meat, including PCR
amplification, PCR-based amplified fragment length
polymorphism (AFLP), random amplification of poly-
morphic DNA (RAPD), quantitative competitive (QC)
PCR, multiplex PCR, nested primer PCR, microsatellite,
and real-time PCR. In addition to the above techniques,
a PCR-RFLP analysis has been widely developed for the
typing and the differentiation of animal and fish species.

Genetic method is the most specific and sensitive
tool for analyzing the authenticity of food ingredients in
a molecular level by means of detecting the presence of
genetic material or deoxyribonucleic acid (DNA). One of
the various methods could be used to detect genetic ma-
terial is polymerase chain reaction (PCR). Specifically,
one of such method frequently used in food industry
to observe animal derived product fabrication is PCR
restriction fragment length polymorphism (RFLP). PCR-
RFLP is based on the comparison of the bands profile
generated after certain enzymes digest the DNA target.
PCR-RFLP is appropriate for meat testing due to its abil-
ity in exploiting sequence variation in designated DNA
region that allows species differentiation even from
closely related species through DNA fragment restric-
tions selected by suitable restriction enzyme (Pascoal et
al., 2004; Farag et al., 2015). PCR-RFLP is advantageous
since it is simple, cheaper, and easier to be adjusted for
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routine big-scale studies such as surveillance program
(Fajardo et al., 2007).

The species identification using PCR-RFLP of mito-
chondria cyt b segment has been reported by Lenstra et
al. (2001) in cheese samples of water buffalo, cattle, goat,
and sheep as well as by Mutalib ef al. (2012) in meat
samples of pork and wild boar meat. Electrophoresis
specific DNA fragment of cyt 3 gene was presented by
Minarovic et al. (2010) and they successfully identified
species using PCR-RFLP with the same primer for all
species (i.e. Mustela vision (American mink), Mustela
putorius furo (Ferret), Sus scrofa domestica (Pig), and
Oryctolagus cuniculus (Rabbit)) which were designed by
Kocher et al (1989). PCR products lengths did not differ-
ent for all species, i.e., 359 bp (Irine et al., 2011). The nov-
elty of this study was to distinguish between Sumateran
wild boar meat, pork, and beef. This research aims to
understand the authentication of Sumateran wild boar
(Sus scrofa vittatus) contamination through PCR method
by cyt b primer and the restriction enzymes.

MATERIALS AND METHODS
Sample Preparation

In this study we used non template control (NTC)
for negative control. Fresh pork (Sus scrofa domestica)
(n=7) and frozen beef (Bos taurus) (n=7) were obtained
from wet market in Bogor city. Fresh Sumateran wild
boar meat (Sus scrofa vittatus) (n=7) was obtained from
Way Kanan Regency, Lampung Province. The samples
used in this study were collected from the longest lum-
bar muscle (m. longissimus lumborum), the material was
placed in sterile tubes and stored at -80°C until use.

Extraction of Total DNA

The DNA of fresh raw beef, pork, and wild boar
meat were extracted using DNA extraction kit (Qiamp®
DNA Mini Kit, Qiagen, Germany), according to the
protocol from manufacturer. A total of 25 mg meat
from each sample was minced in a 1.5 mL sterile micro-
centrifuge tube and added with 180 uL ATL buffer
(Tissue lysis buffer). As much as 20 uL of proteinase
K was added and the mixture was vortexed and then
incubated in 56°C for 16 s until the samples had been
lysed completely (1-3 h). The completely lysed samples
were then centrifuged. AL Buffer (Lysis buffer) was
added into the mixture as much as 200 uL and then
vortexed for 15 s. The mixture was then incubated in
70°C for 10 min and then centrifuged. As much as 200
pL of absolute ethanol was added and the mixture was
vortexed again for 15 min followed by a centrifugation.
The mixtures were transferred into mini spin columns
placed on 2 mL tubes, centrifuged in 8000 rpm for 1 min.
The mini spin columns were transferred to new 2 mL
tube and then added AW2 buffer (washing buffer 2) and
centrifuged in 14000 rpm for 3 min. Tubes with filtrates
were discarded and mini spin columns were transferred
to new 2 mL tubes and centrifuged in the max speed for
1 min. The mini spin columns were then transferred into



ADININGSIH ET AL. / Tropical Animal Science Journal 41(3):157-164

1.5 mL micro-centrifuge tube and added by AE buffer
(elution buffer). The mixtures were then incubated in
room temperature and centrifuged in 8000 rpm for 1
min. The DNA was stored at -20 °C until being used as
PCR templates (Qiagen, 2016).

Oligonucleotide Primers

A total of 3 pairs of primers were utilized in each
PCR reaction. A pair of mitochondria cyt b primers used
in this work is tabulated in Table 1 that was described
by Kocher et al. (1989). In this study, both pork (Sus scro-
fa domestica) and beef (Bos Taurus) had 359 bp fragment
length. The sequences and target region from cyfochrome
b gene are presented in Figure 1 and Table 2. This study
also used Porcine-specific primer and bovine-specific
primers that were described by (Cheng et al., 2003).

PCR Amplification of The Mitochondria cyt b Gene

Amplification of the mitochondria cyt b gene of
beef, pork, and wild boar meats were performed in
a final volume of 50 puL containing 10 uL of 5X MyTaq
Red Reaction buffer (5 mM dNTPs, 15 mM MgCl2)
(Bioline, Germany), 2 uL of 10 uM each primer (forward
and reverse), 1 uL of 5 units of MyTaq HS Red DNA
polymerase (Bioline, Germany), 33 puL of RNAse/DNAse
free water, and 2 uL of DNA template. PCR was carried
out with a temperature program consisting of the initial
denaturation at 95°C for 1 min, followed by 35 cycles
of denaturation at 95°C for 15 s (Jakaria & Noor, 2015),
annealing at 55°C for 45 s, polymerization at 72°C for 10
s, and final elongation at 72°C for 1 min. The amplicons
were analyzed by electrophoresis using 1.5 % agarose
gel in 1X Tris base Acetic Acid and EDTA (TAE) buffer
at 100 V for 30 min and stained by ethidium bromide
0.5 pg mL™. One kb of DNA ladder (Thermo Scientific,

USA) was used as a size reference. The gels were visual-
ized using UV trans-illuminator.

PCR Amplification Using Porcine-specific Primer and
Bovine-specific Primer

Amplifications of specific DNAs of beef, pork, and
wild boar meats were performed in a final volume of

Table 1. Oligonucleotide primer of mitochondrial DNA (cyt
b) and porcine-specific primer and bovine-specific
primers with their sequences

. Size of PCR
Primer products (bp) Sequence Reference
CYTb-1 359 5-CCA TCC AAC ATC Kocher et al.
TCA GCA TGA TGA AA-3"  (1989)
CYT b-2 5-CCC CTC AGA ATG
ATA TTT GTC CTC TCA-3’
PORF 212 5-GCC TAA ATCTCC CCT Cheng et al.
CAA TGG TA-3’ (2003)
PORR 5-ATG AAA GAA GCA
AAT AGA TTT TCG-3’
BOV F 271 5-GCC ATA TAC TCT CCT Cheng et al.
TGG TGA CA-3 (2003)
BOV R 5-GTA GGC TTG GGA

ATA GTA CGA-3’

Table 2. Restriction enzymes and the target region

Restriction enzymes Target region

Alul 5-AG CT-'3
Bsa]l 5-C CNNGG-'3

HindIll 5-A AGCTT-'3
Rsal 3'-CA TG-'5
Haelll 5-GG CC-'3
Tagal 3-T CGA-'5

40 S0 &0 &70
B L T L T P I I 2 e

Sus scrofa domestica ACATCTCATC ATGATGAAAC TTCGGTTCCC TCTTAGGCAT CTGCCTAATC TTGCAAATCC TAACAGGCCT GTTCTTA

Bos taurus

Sus scrofa domestica ATACATTACA CATCAGACAC AACAACA(
ATACACTACA CJ$CCGACAC AACAACAGCA TTCTCCTCTG TTACCCATAT CTGCCGAGAC GTGAACTACG GCTGAAT

Bos taurus

T TTCTCATCAG TTACACACAT TT

ACATTTCATC ATGATGGAAT TTCGGTTCCC TCCTGGGAAT CTGCCTAATC CTACAAATCC TCACAG‘fCT ATTCCTA

120 130 140 150
T [ I e

GAGAC GTAAATTACG GATGAGT

200 Z10 3 230
- S T T T o T R I
Sus scrofa domestica TCGCTATCTA CATGCAAACG GAGCATCCAT ATTCTTTATT TGCCTATTCA TCCACGTA( CCGAGGTCTA TACTACG

Bos taurus

CCGATACATA CACGCAAACG GAGCTTCAAT GTTTTTTATC TGCTTATATA TGCACGTAGG ACGAGGCTTA TATTATG

250 26
. |4,||
Sus scrofa domestica CCTATATATT CCTAGAAACAYTGAAACATTG GAGTAGTCCT ACTATTTACC GTTATAGCAA CAGCCTTCAT AGGCTAC

Bos taurus

CTTACACTTT TCTAGAAACA, TGAAATATCG GAGTAATCCT TCTGCTCACA GTAATAGCCA CAGCATTCAT AGGATAC

Sus scrofa domestica CTGCCCTGAG GACAAATATC ATTCTGAGGA GCTACGGTC

Bos taurus

Note: ¢: = Alul

\1, = Tagql *

= Haelll

CTACCATGAG GACAAATATC ATTCTGAGGA GCAACAGTC

= Bsa]l

4, = Rsal

Figure 1. Target region of primer cytochrome b gene
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50 pL containing 10 pL of 5X MyTaq Red Reaction buf-
fer (5mM dNTPs, 15 mM MgCl) (Bioline, Germany),
2 ul of 10 uM each primer (forward and reverse), 1 pL
of 5 units of MyTaq HS Red DNA polymerase (Bioline,
Germany), 33 uL of RNAse/DNAse free water and 2 pL
of DNA template. PCR was carried out with a tempera-
ture program consisting of the initial denaturation at
95°C for 1 min, followed by 35 cycles of denaturation at
95°C for 15 s, annealing at 58°C for 1 min, polymeriza-
tion at 72°C for 10 s and final elongation at 72°C for 1
min. The amplicons were analyzed by electrophoresis
using 1% agarose gel in 1X Tris base Acetic Acid and
EDTA (TAE) buffer at 100 V for 30 min and stained by
ethidium bromide 0.5 ug mL*. One kb DNA ladder
(Thermo Scientific, USA) was used as a size reference.
The gels were visualized using UV trans-illuminator.

Restriction Fragment Length Polymorphism (RFLP)

PCR amplicons of the cyt b gene were subjected to
restriction enzyme digestion with restriction enzyme
Alul, Bsa]l, HindIll, Rsal, Haelll, and Tag*l according to
the suppliers’ instructions (Biolabs). Briefly, reaction
mix was prepared by mixing 43 uL of ddH,O, 5 ul of
buffer solution, 1 uL of enzyme (1 U uL-1), and 1 pL of
template DNA from PCR product and incubated at 37°C
for 15 min for samples using Alul, Rsal, and Haelll en-
zyme respectively, while samples utilizing HindIIl were
incubated for 60 min. Incubation for digestion process
by BsaJl was 60°C for 1 h while by Tagl enzyme was for
60°C for 1 h. Inactivation was done at 80°C temperature
for 20 min except those using Rsal enzyme, which were
exempted from the process. Visualization of amplifica-
tion was analyzed according to Amalianingsih et al.
(2015) with minor modification on Agarose gel 3% con-
taining 2.5 pL EtBr (ethidium bromide) and 0.5X TBE
buffer (1 M Tris, 0.9 M Boric acid, 0.01 M EDTA pH 8.0)
with a 100 bp ladder (Invitrogen, USA) as a molecular
weight marker for confirmation of the length of PCR
product.

RESULTS

The PCR amplification analysis was conducted us-
ing cyt b and species-specific primers on pork (Sus scrofa
domestica), Sumateran wild boar meat (Sus scrofa vitta-
tus), and beef (Bos taurus). The amplification products of
each reaction were electrophoresed on 1.5% of agarose
gel. Figure 2 shows the PCR amplification products of

Figure 2. Agarose gel electrophoresis of amplification product
of cyt b gene. (M: 1 kb marker, 1: pork, 2: Sumateran
wild boar meat, 3: beef, 4: NTC).
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pork, Sumateran wild boar meat, and beef by cyt b prim-
ers. Using these primers, the amplification products of
pork, Sumateran wild boar meat, and beef produced a
single band with molecular size of 359 bp, respectively.
Meanwhile, using the species-specific for porcine and
bovine species primers, pork and Sumateran wild boar
meats also produced a single band with molecular
size of 212 bp and 271 bp for beef (Figure 3). No band
was observed for non-template control (NTC) in each
experiment.

The PCR amplification products using cyt b prim-
ers were subsequently examined for PCR-RFLP analysis
using six different restriction enzymes i.e., Alul, Bsa]l,
Hindlll, Rsal, Haelll, and Tag°l. Table 3 shows the band
sizes of cyt b PCR amplification products of pork,
Sumateran wild boar meat, and beef when are digested
by Alul, Bsa]l, Hindlll, Rsal, Haelll, and Tag"I restriction
enzymes.

Two bands were observed in all meats when PCR
amplification product was digested with Alul restric-
tion enzyme (Figure 4). The PCR-RFLP analysis of pork
and Sumateran wild boar meat using Alul restriction
enzyme produced bands with molecular size of 115 bp
and 244 bp, meanwhile, beef amplicon was digested and
produced 169 bp and 190 bp (Figure 4).

Similarly, Bsa]l restriction enzyme produced bands
with molecular sizes of 228 bp and 131 bp for pork and
wild boar, meanwhile, beef amplicon was digested and
produced 320 bp and 39 bp. Tagl restriction enzyme
showed 2 bands with molecular sizes of 131 bp and 228
bp for pork and Sumateran wild boar meats. However,
it failed to digest beef DNA fragments in repeated ex-
periments that produced a single band of 359 bp in size.

However, using the Hindlll enzyme was undi-
gested all meats DNA. On the other hand, Rsal suc-
cessfully digested all meats DNA and produced 320

Table 3. Restriction pattern of cyt b gene for pig, Sumateran
wild boar, and cattle

Species . Sumateran

eEzymes Pig wild boar Cattle
Alul 244 + 115 244 + 115 190 + 169
Bsa]l 228 +131 228 +131 320 + 39
Hindlll - - -
Rsal 320 + 39 320 + 39 320 + 39
Haelll - 200 + 131 +28 285 + 74
Tagal 228 +131 228 + 131 -

Figure 3. Polymerase chain reaction (PCR)-amplification of por-
cine specific and bovine specific gene. (M: 1 kb mark-
er, 1: pork, 2: Sumateran wild boar meat, 3: beef, 4:
pork, 5: Sumateran wild boar, 6: beef, 7: NTC).
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bp. Surprisingly, only Haelll that successfully digested
Sumateran wild boar amplicons into 3 fragments of 74
bp, 132 bp, and 153 bp (Figure 5).

DISCUSSION

The method for species identification of meat prod-
ucts has increasingly turned towards DNA-based tech-
niques in overcoming the limitations of existing meth-
ods (Rahmati et al., 2016). Genetic traceability is based
on the identification of both animals and their products
through the DNA analysis. The use of DNA techniques
provides different levels of identification: (i) individual
traceability to ensure food safety; and (ii) traceability of
individuals to their source breeds or species to detect
possible labeling adulterations (Nuraini ef al., 2012).

Mitochondrial DNA (mt-DNA) is the genetic mate-
rial that exists outside the nucleus in eukaryotic cells. It
has a simple molecular structure. It does not undergo re-
combination with the nuclear DNA and has no identical
sequence with the nuclear DNA. It has multiple copies
and a rapid evolutionary rate and follows maternal in-
heritance. Cytochrome b gene (Cyt b) is one of the genes
that are coded by mt-DNA and its gene product plays
an important role in electron transfer in the respiration
chain. Cytochrome b gene has a moderate evolutionary
rate and a clear evolutionary pattern that makes it suit-
able for the studies on the phylogenetic evolution at the
intra-and interspecific levels (Kunda et al., 2016). The mt
DNA sequences have been widely used in evolutionary
genetic studies because they are easily accessible, have a
high rate of evolution and generally follow a clonal pat-
tern of inheritance highly suited to phylogenetic recon-
struction. The relatively high mutation rate compared to
nuclear genes has tended to result in the accumulation
of enough point mutations to allow the discrimination
of closely related species (Kumar ef al., 2013). The cyt b
sequences are good tools for studying more precise spe-
cies identifications (Foran et al., 2015). Mitochondria cyt
b primer used in this study for differentiation of pork,
Sumateran wild boar meet, and beef. In this study, the
amplification product of pork, Sumateran wild boar
meat, and beef produced a single band with a molecular
size of 359 bp, respectively. The molecular size of cyt b
in this study agreed with previous study (Mutalib ef al.,
2012). Since cyt b primer is universal primer, this primer

Hindlll
3 NTC 1 2

Alul Bsall

M 1" 2553 9NTC 1 2 3 NTC

Figure 4. Restriction profiles of the cyt b PCR products obtained
from pig (1); Sumateran wild boar (2); and cattle (3),
after digesting with Alul, BsaJl and HindIIl. (M: DNA
molecular weight marker 100 bp ladder (Invitrogen),
NTC: Non-template control.

cannot distinct pork, Sumateran wild boar meat, and
beef origin.

The species-specific primers for porcine and bovine
were also studied. PCR using species-specific primers is
one of the most used approaches since it offers simplic-
ity, specificity, and high sensitivity for meat authentica-
tion studies (Amaral et al., 2014). The primers for every
species would only amplify the DNA of that particular
species (Man et al., 2007).

In this study, the species-specific primers used
were successfully distinguished porcine meat (pork and
Sumateran wild boar) and beef. According to Castello ef
al. (2004), bovine specific primers can be used to detect
the presence of beef DNA within pig DNA up to 0.05%
cattle sample concentration within 99.95% concentra-
tion of pig sample. On the other hand, amplification by
pig specific primer can be used to directly detect pig-
derived materials in a foodstuff (Man et al., 2007). Also,
this primer can detect pig-derived material up to 0.5% of
concentration within foodstuff and possibly with even
lower concentration (Ilhak & Arslan, 2006). However,
the porcine-specific primer cannot distinguish pork and
Sumateran wild boar in this study.

Cyt b has been used by various researches to iden-
tify meat types (Erwanto ef al., 2012). Cyt b gene has
been used in various studies that identify the presence
of DNA originating from pig or beef in food products
or foodstuff and identifying various species, especially
in studies utilizing PCR-RFLP (Verkaar et al., 2002; Aida
et al., 2005, Murugiah et al., 2009; Mutalib ef al., 2012;
Erwanto et al., 2011; Erwanto et al., 2012). Doosti et al.
(2014) investigated the PCR-RFLP analysis of the mito-
chondrial cyt b gene to differentiate between beef, sheep,
pork, chicken, donkey, and horse meat in meat products
(sausages, frankfurters, hamburgers, hams, and cold
cut meats) and suggested that this method provided a
potential technique to rely on for authentication of halal
(law or permitted) meat origin.

Important advantages of the PCR-RFLP technique
include inexpensiveness and lack of requirement for
advanced instruments. In addition, the design of PCR-
RFLP analyses is generally easy and can be accom-
plished using public available programs (Rasmussen,
2012). The proposed Cytb-PCR-RFLP assay represents a
fast and delicate technique appropriate to the detection
and authentication of poultry meat species (Razzaq et
al., 2017).

Rsal Haelll Tag®l
3 NTC 1 2

3 NTC 1 2 3 NTC

Figure 5. Restriction profiles of the cyt b PCR products obtained
from pig (1); Sumateran wild boar (2); and cattle (3),
after digesting with Rsal, Haelll and Tag*l. (M: DNA
molecular weight marker 100 bp ladder (Invitrogen),
NTC: Non-template control.
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PCR-RFLP (PCR restriction fragment length
polymorphism) is a stable, rapid, and inexpensive tech-
nique that combines PCR and restriction endonuclease
digestion and has received many attentions in identify-
ing genetic diversity and developing biomarkers for
the authentication of adulterants at the species level.
Additionally, this technique can semi-quantitatively de-
tect contamination in authentic samples and can be per-
formed quickly and inexpensively. Another advantage
of PCR-RFLP is an accurate and authentic PCR-based
authentication method based on (1) using universal
primers to amplify a conserved region, (2) digesting the
PCR product with specific restriction endonucleases,
and (3) separating the digest fragments by agarose gel
electrophoresis (Jiang et al., 2018).

Dubey et al. (2010) stated on their study that they
chose restriction fragment length polymorphism (RFLP)
technique, because it was less time-consuming, more
cost-effective than DNA sequencing, the equipment
was available in most molecular laboratories, and it was
proved its utility in species identification.

Another study conducted by Meganathan et al.
(2009) stated that a simpler alternative to the DNA
sequencing technique was restriction fragment length
polymorphism analysis of PCR products (PCRRFLP).
This technique proved to be a simple, rapid, and cost-
effective method for species identification and had been
used in forensic examination to authenticate the confis-
cated biological materials.

In this study, using the cyt b gene, pork, Sumateran
wild boar meat, and beef produced amplified fragment
of 359 bp in size (Figure 1). Furthermore, the PCR-RFLP
analysis was conducted and the RFLP profiles of all of
meats were differentiated by two different restriction
enzymes of Alul. However, this enzyme is not able to
distinguish pork and Sumateran wild boar meat since
they have the same size of 115 bp and 244 bp for each
fragment. Surprisingly, previous study (Mutalib et al.,
2012) did not find any fragment in wild boar meat using
Alul enzyme.

Based on study using the other enzymes, BsaJl
digestion generated 115 bp and 244 bp for pork and
Sumateran wild boar meat while it produced 320 bp
for beef. The fragment size produced by Bsa]l in this
study is in agreement with previous study (Murugiah
et al., 2009). It indicates that BsaJl can be used as a re-
striction endonuclease to differentiate porcine meat and
beef. However, it is not adequate to distinct pork and
Sumateran wild boar meat. In this study, we also com-
pared with other restriction endonuclease i.e., Tag*l. We
found that cyt b gene digestions originating from pork
and Sumateran wild boar meats performed with these
enzymes resulted in two DNA fragments (228 to 131
bp). However, these enzymes failed to digest beef after
repeated experiments. To the best of our knowledge,
this is the first study on Tag"l as restriction enzyme in
meat authentication. Tag"l is not appropriate for differ-
entiation of neither the closely related species pork and
Sumateran wild boar nor beef digestion. On the other
hand, HindlIIl enzymes did not cleave the PCR products
of any of the tested meat, while Rsal restriction enzyme
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produced 320 bp for all of meats. These results are simi-
lar to the previous work (Murugiah et al., 2009).

Finally, the Huaelll cleavage bands visualized in the
gel were enough and suitable for the discrimination of
all species analyzed. In this study, it was observed that
Huelll was the only specific enzyme to differentiate be-
tween pork, Sumateran wild boar, and beef meat.

PCR-RFLP analysis of the cyt b gene provides a
simple, relatively quick, and accurate identification of
Sumateran wild boar species. In this study, PCR RFLP
analysis only required 4 hours. Jiang et al. (2018) in their
study also state that in general, a common PCR RFLP
analysis requires 4-5 h, limiting its application in a rou-
tine species identification studies.

CONCLUSION

The species-specific primers used were success-
fully distinguished porcine meat (pork and Sumateran
wild boar) and beef. Among six tested enzymes, the
use of PCR-RFLP analysis of the cyt b gene followed
by digestion using Haelll restriction enzyme provides
a simple, relatively quick, and accurate identification
of Sumateran wild boar species. This method could be
used to identify Sumateran wild boar meat falsified as
beef which is typically common practice in Indonesia.
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